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;S) Flat panel display device. 



(g) A flat panel display device includes a backplate (4) and a transparent front face (6) delimiting an 
hermetically sealed vacuum space and an array (9) of selectively actuabie electron-emitting cold 
cathodes disposed adjacent to, or on the backplate. A stratum (16) including an electron-multiplier (18) 
is placed in dose proximity to the array of cold cathodes. The device also includes a luminescing 
surface (22) capable of emitting light upon being impinged upon by a pulse of electron beam emerging 
from the electronic multiplier. One embodiment includes an electron multiplier having an amorphous 
structure and cold cathodes of the metal-insulator-metal tunnelling type. 
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FIELD OF THE INVENTION 

The present invention relates to flat pane! display 
devices, and more particularly to flat panel devices 
utilizing selectively actuatable cold cathode or elec- 
tron-tunnel junctions for activating electron-multiplier 
means, which in turn activate a luminescing screen. 

BACKGROUND OF THE INVENTION 

Flat panel displays have been proposed in the 
past. For example, U.S. Patent 3.500,102 discloses 
two superposed substrates of dielectric material re- 
spectively supporting a first and a second group of 
intersecting spaced-apart conductors, a plurality of 
openings made in one of said substrates, each open- 
ing extending through the distance between said con- 
ductors and each opening housing a semiconductor 
which is in contact with both conductors. When a 
potential difference is applied between conductors, 
bracketing an opening, electrons are emitted from the 
semiconductor to be accelerated towards a screen. 

The U.S. Patent 4,857,799 discloses a matrix- 
addressed, flat panel display having a matrix array of 
cathodes. Each of the cathodes consists of an array 
of field emitter tips projecting from the face of a sub- 
strate on which they are mounted. Adjacent the tips, 
there are positioned electrically conductive gates in 
order to generate and to control electron emission 
from the tips. 

In the co-pending U.S. Application Serial No. 
07/385,022 in the names of Z. Vager and R. Naaman 
and assigned to the same Applicant, there is des- 
cribed a multi-layer arrangement of partially conduc- 
tive material consisting of packed particles, for use as 
an electron multiplier. 

It is one of the broad objects of the present inven- 
tion to utilize the advantages of the improved electron 
multiplier of the above-mentioned co-pending appli- 
cation and to provide a flat panel display device 
employing same. 

It is a further broad object of the invention to pro- 
vide a flat panel display device employing selectively 
actuatable cold cathodes or electron-emitting junc- 
tions as sources of electron emission activators for 
electron-multipliers of any suitable type. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is 
therefore provided a flat panel display device, com- 
prising a backplate and a transparent front face deli- 
miting an hermetically sealed vacuum space; an array 
of selectively actuable electron-emitting cold 
cathodes disposed adjacent to, or on said backplate; 
a stratum including electron-multiplier means placed 
in, at least, close proximity to said array of cold 
cathodes; and a luminescing surface capable of emit- 
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ting light upon beirwRipinged upon by a pulse of elec- 
tron beam emerging from said electron multiplier 
means. 

The invention will now be described in connection 

5 with certain preferred embodiments, with reference to 
the following illustrative figures so that it may be more 
fully understood. 

With specific reference now to the figures in 
detail, it is stressed that the particulars shown are by 

10 way of example and for purposes of illustrative dis- 
cussion of the preferred embodiments of the present 
invention only and are presented in the cause of pro- 
viding what is believed to be the most useful and rea- 
dily understood description of the principles and 

is conceptual aspects of the invention. In this regard, no 
attempt is made to show structural details of the 
invention in more detail than is necessary for a funda- 
mental understanding of the invention, the description 
taken with the drawings making apparent to those skil- 

20 led in the art how the several forms of the invention 
may be embodied in practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 In the drawings: 

Fig. 1 is a cross-sectional view of a flat panel dis- 
play device according to the present invention; 
Fig. 2 is an exploded view of the device of Fig. 1 ; 
Fig. 3 is a cross-sectional view of a modification 

30 of the device of Fig. 1 ; 

Fig. 4 is an exploded view of the device of Fig. 3, 
and 

Fig. 5 is an exploded view of another embodiment 
of a flat panei display device according to the pre- 
35 sent invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

40 Referring to Figs. 1 and 2, there is shown a flat 

panel display device 2 which includes a backplate 4, 
made of a suitable insulating material, and a transpa- 
rent front face 6, usually made of glass. The backplate 
4 and the front face are hermetically sealed so as to 

45 form a vacuum space thereinbetween. On the inside 
surface of backplate 4 there are affixed rows 8 and 
columns 1 0 of thin-film conductors separated by a thin 
layer of oxide thereby incorporating an array of, per- 
se known, cold cathodes or electron-emitting junc- 

so tions 9. Each cold cathode or junction is thus 
individually addressable and hence selectively 
actuatable when signals are applied to end terminals 
1 2 and 14 of respectively both the rows 8 and the col- 
umns 10. 

55 The array of cold cathodes may be directly for- 

med on the backplate 4 as shown, or alternatively, 
may be formed on a separate plate which will eventu- 
ally be affixed onto the backplate 4. 
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The device as claimed in claim 1, wherein said 
electron multiplier means comprises a collection 
of metal-doped packed glass particles. 

The device as claimed in claim 1, wherein said 
array of cold cathodes is made of thin-film con- 
ductors separated by a thin layer of oxide. 
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FIG. 2 
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FIG. 4 
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FIG, 5 
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